G raft-versus-host disease (GVHD) remains the main complication and limitation to successful allogeneic hematopoietic stem cell transplantation (alloSCT). Although a decreased incidence of severe GVHD has been reported throughout the last 20 years, acute and chronic GVHD events still have a great impact on early and late non-relapsed mortality and on the quality of life of long-term survivors.
In a second article, van Dorp et al. evaluate the changes in lymphocyte subsets before and after rituximab treatment in responding and non-responding patients with steroidrefractory chronic GVHD. 5 Glucocorticoids are the most effective anti-inflammatory drugs available for the treatment of many inflammatory and immune diseases. Their main action is in switching off multiple activated inflammatory genes that encode for cytokines such as IL-2, TNF-α, chemokines, adhesion molecules, inflammatory enzymes and receptors. 6 In addition, glucocorticoids increase transcription of several antiinflammatory or inhibitory cytokine genes such as IL-10, IL-12 or IL-1 receptor antagonists. 6 Most of these cytokines have been involved in the pathophysiology of GVHD.
Pathophysiology of graft-versus-host disease
The classical scheme of the development of acute GVDH includes three main distinct yet inter-related phases. 7 The first phase is initiated by the release of proinflammatory cytokines (IL-1, IL-8, TNF-α) from host tissues that have been damaged by the transplant conditioning regime, underlying diseases and prior infections. There is a subsequent activation and maturation of antigen-presenting cells and donor T cells. In a second phase, the activation of the immune cells results in transcription of genes for many proteins including cytokines, mainly Th1 cytokines (IFN-γ, IL-2 and TNF-α), and their receptors. In the final phase, T cells migrate to GVHD target tissues (skin, gut, liver, and lungs) and recruit other effector cells, such as cytotoxic T lymphocytes and NK cells, leading to host tissue damage.
Relatively little is known about the pathophysiology of chronic GVHD in comparison to acute GVHD. Several mechanisms have been involved in its pathogenesis such as a persistence of donor-derived alloreactive T cells, a Th1-Th2 shift of the cellular immune response, autoreactive T cells arising from control failure by regulatory T cells and/or impaired negative selection of T cells in the thymus, an increasing role of B cells producing auto-and allo-antibodies against the host, and unspecific mechanisms of chronic inflammation leading to fibrosis in the organs involved.
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First-line treatment of acute graft-versus-host disease
In order to increase the response rate of the initial treatment of acute GVHD and/or reduce glucocorticoid exposure, several studies have tested the efficacy of adding another immunosuppressant agent to glucocorticoids.
In a controlled clinical trial, patients were randomized to be treated with prednisone versus antithymocyte globuline (ATG) plus prednisone. 11 An intent-to-treat analysis of the overall response at day 42 showed equivalent complete partial response rates of 76% in both the prednisone and ATG/prednisone therapy groups. However, patients in the ATG/prednisone arm experienced more infections with cytomegalovirus and more frequent pneumonitis. There was no significant difference in survival at two years between the two treatment arms. As previously shown, one of the most important inflammatory cytokines involved in the process of acute GVHD is TNFα. Based on that, etanercept, an anti-TNFα agent, has been added to prednisone and tested as initial therapy for acute GVHD in a phase II clinical trial. 12 The outcome of these patients was compared with those of patients with GVHD undergoing therapy at the same time whose initial treatment was prednisone alone. Patients treated with etanercept were more likely to achieve complete remission at four weeks than patients treated with steroids alone (69% vs. 33%). Moreover, the addition of etanercept resulted in a higher response rate in all target organs, skin, gastrointestinal tract and liver. Another promising combination for initial therapy of acute GVHD consists of glucocorticoids and mycophenolate mofetil (MMF). In a randomized, 4-arm, phase II trial, 180 patients received methylprednisolone plus either etanercept, MMF, denileukin diftitox, or pentostatine. Methylprednisolone plus MMF resulted in the highest 28-day complete response rate. 13 In addition, MMF offered the greatest probability of survival and the lowest cumulative incidence of severe infections. Only a few agents have been tested as alternatives to glucocorticoids for first-line treatment of acute GVHD. These studies were performed in the 1980s and with only a few patients. In a prospective trial, 37 patients were randomized to receive ATG versus glucocorticoids.
14 There was no difference between treatment groups in GVHD response rate, incidence of infectious complications, or survival. In another study, 48 patients who had received methotrexate as GVHD prophylaxis and developed acute GVHD II-IV were treated with a combination of ATG and cyclosporine, with or without the addition of methylprednisolone. 15 No benefit was observed in those patients treated with methylprednisolone in terms of GVHD response, infections or survival.
In this issue of Haematologica, Pidala et al. show that initial treatment of acute GVHD with sirolimus results in a comparable response rate to that of high-dose glucocorticoids. 4 Sirolimus (rapamycin) is a macrocyclic triene antibiotic with immunosuppressive, antitumor and antifungal properties. Sirolimus prevents T-and B-cell activation by cytokines, which in turn prevents cell cycle progression and proliferation. Sirolimus has been reported to be active in combination with tacrolimus for GVHD prophylaxis, and in the treatment of steroid-refractory acute and chronic GVHD. [16] [17] [18] A glucocorticoid-free first-line treatment of acute GVHD with sirolimus is an attractive approach. However, despite encouraging results showed by Pidala et al., the low number of patients included in the study, particularly those with over grade II acute GVHD, makes it difficult to come to any conclusions as to a hypothetical superiority of sirolimus against glucocorticoids. Prospective controlled trials are warranted to assess the impact of sirolimus on response rate in acute GVHD and on overall survival.
Treatment of chronic graft-versus-host disease
Distinction between classical chronic GVHD, overlap syndrome, and late acute GVHD as described by the National Institutes of Health (NIH) consensus criteria is mandatory to establish treatment strategy of chronic GVHD. 19 Thus, late acute GVHD and overlap syndrome with dominating acute features should be treated according to standard practice in the treatment of acute GVHD. The treatment should also be guided by the presence of risk factors such as low numbers of platelets at diagnosis, extensive skin disease (>50% of body surface) and severe chronic GVHD (NIH grading). Decision making concerning the type of treatment for chronic GVHD should also take into consideration the risk of relapse if the patient undergoes transplant for a hematologic malignancy, including the risk of severe infections, and other secondary effects such as diabetes, nephrotoxicity, or arterial hypertension.
The use of glucocorticoids is the standard of care for chronic GVHD. 20 Although controversial, upfront use of the combination of prednisone and a calcineurin inhibitor may be useful in patients with high risk of mortality and/or high risk for steroid toxicity. Half of the patients fail to achieve a long-lasting response to first-line treatment. Unfortunately, additional systemic immunosuppressive agents, such as thalidomide, MMF, and azathioprine, have failed to improve treatment results in the primary treatment of chronic GVHD and are in part associated with higher morbidity, and in the case of azathioprine, with higher mortality. In the setting of steroid-refractory chronic GVHD, a large number of drugs and other immunomodulatory treatments have been used with variable results. 21 One of these drugs is rituximab which has a growing role in the prevention and treatment of GVHD. It has been used with relative success in the treatment of steroid-refractory chronic GVHD, particularly in cases where skin and mucosal are involved. In a systematic review and meta-analysis of seven studies with a total of 111 patients, the organ-specific response rate was extremely variable, and the pooled proportion of overall response rate was 66% (95% CI 57-74%). 22 Some of these studies suggest that rituximab facilitates a reduction of glucocorticoid dosage, mostly in cases of steroid-refractory chronic GVHD involving the skin and oral mucosa.
Since the response of chronic GVHD is often uncertain, and mixed responses in different organs can occur in the same patient, it would be interesting to investigate which factors can predict response to treatment. In this issue of Haematologica, van Dorp et al. evaluate clinical efficacy and changes in lymphocyte subsets before and after rituximab treatment in a prospective phase II study in 20 patients with steroid-refractory chronic GVHD. 5 The overall response rate was 61%. Interestingly, an elevation of Bcell numbers with a dominant naïve, antigen-presenting phenotype, as well as skewing towards CD5-B cells and B cells with a low CD5 expression, was selectively found in responding patients and was the only predictive factor of rituximab responsiveness.
Novel perspectives
After a long period of time with no significant developments in the setting of prophylaxis and first-line treatment of GVHD, the search for novel approaches to GVHD has accelerated. Substantial progress has been made in the identification of biomarkers for GVHD with diagnostic and prognostic significance. IL-2-receptor-α, TNF-receptor-1, IL-8, hepatocyte growth factor, elafine, REG3-α, and regulatory T cells have been recently described as biomarkers for diagnosis of acute GVHD that also predict response to first-line treatment and survival. 23 These findings may lead to the development of innovative strategies such as the preemptive treatment of GVHD. A risk stratification of GVHD that combines both biomarkers and clinical grade could ultimately guide the intensity and duration of GVHD treatment to minimize the toxicities related to glucocorticoid administration. The use of biomarkers as predictors of GVHD response combined with the development of glucocorticoid-free first-line treatment strategies, as shown by van 
